Archives of Razi Institute, Vol. 78, No. 1 (2023) 151-159

Copyright © 2023 by (// )

Razi Vaccine & Serum Research Institute
DOI: 10.22092/AR1.2022.358340.2202

Original Article
Effect of Sevoflurane and Isoflurane on Post-Anaesthesia
Cognitive Dysfunction in Normal and Type II Diabetic Rats

Abdelkareem, E1 ", Tayee, E. M?, Taha, A. M?, Abdelellatif, M. S*

1. Department of Clinical Pharmacology, Faculty of Medicine, Al-Azhar University, Damietta, Egypt
2. Department of Clinical Pharmacology, Faculty of Medicine, Helwan University, Cairo, Egypt
3. Department of Educational Sciences, Faculty of Education, Prince Sattam Bin Abdulaziz University, Kingdom of Saudi
Arabia, WadiDawaser

Received 4 April 2022; Accepted 22 April 2022
Corresponding Author: e_mansour505@yahoo.com

Abstract

Both animal and human studies have documented cognitive and behavioural impairment after exposure to
inhalational anaesthetics. Therefore, the current study was designed to demonstrate if the anaesthetics isoflurane
and Sevoflurane can result in postoperative cognition dysfunction in normal and diabetic rats. Sixty male Wister
rats aged 12 weeks were divided into 6 groups (n=10); group C (standard control), group CD (diabetic control),
group S (sevoflurane anaesthesia), group | (isoflurane anaesthesia), group SD (diabetic sevoflurane anaesthesia)
group ID (diabetic isoflurane anaesthesia). Animals were anaesthetized with either 2. 5% sevoflurane or 1.5%
isoflurane, respectively, for 2h. 1 week later, animals were undergone cognitive tests in (a Morris water maze, T
maze and open field arena), the animals were sacrificed, and hippocampus homogenates were studied for
caspase 3 activity by western blot assay. Induction of type Il diabetes in CD, SD and ID groups was carried out
by feeding on a high-fat diet for 8 weeks before the start of the experiment. During the fourth week, Type Il
diabetes was induced in the experimental group by a single IP injection of 30 mg/kg STZ. Control (normal and
diabetic) rats showed no change in long-term/reference memory, non-spatial working memory, exploratory
activity or caspase 3 expression in the hippocampus homogenate. Anaesthesia with isoflurane in normoglycemic
rats resulted in a significant decline in long-term/reference memory and non-spatial working memory, while
exploratory activity and caspase 3 expressions in hippocampus homogenate showed no change to normal
control rats. Both isoflurane and Sevoflurane in diabetic rats demonstrated a decline in long-term/reference
memory, non-spatial working memory, exploratory activity and caspase 3 expression in hippocampus
homogenate compared with normal control rats. Diabetes revealed significant post-anaesthesia cognitive
dysfunction after anaesthesia with Sevoflurane or isoflurane in all the studied domains compared to standard
control or diabetic control.
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1. Introduction

Sevoflurane and isoflurane are among the commonly
used volatile anaesthetics. Both give dose-dependent
amnesia, sedation, and hypnosis sufficient for surgical
procedures (1).

They are liquids at room temperature and atmospheric
pressure, but they transformfrom liquid to
gaseousphase as both have a high vapour pressure.

Both have complex mechanisms of action involving
numerous membrane proteins and ion channels, and
their effect depends on the achievementof the
therapeutic tissue concentration in the central nervous
system (2).

They reach circulation and do their pharmacologic
effects rapidly as they have direct absorption through
the respiratory epithelium and mucous membranes of
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the respiratory tract avoiding hepatic first-pass
metabolism (3).

Cytochrome P450 enzymes metabolize Sevoflurane
and isoflurane in the liver, kidney, and lungs. Their
biotransformation significantly affects the toxicity of
these drugs despite their little effect on their
pharmacologic activity (3).

Many studies have revealed histopathological and
temporary and long-term cognitive and behavioural
effects on average or individuals with pre-existing
cognitive dysfunction (4).

Postoperative cognitive dysfunction (POCD) means
difficulties with memory, concentration and attention
after surgery and anaesthesia that is often mild and only
discovered by neuropsychological examinations or
presented as memory loss, higher-level cognitive
dysfunction, psychomotor disturbances, fine motor
incoordination, dementia, delirium, or depression that
may be associated with increased needs psychosocial
support, and increased mortality (5).

Type Il diabetes is a chronic metabolic disorder and is
one of the most severe health problems worldwide.
Main effects of Type Il diabetes including insulin
resistance, glucose dysregulation, autophagic pathway
changes, and neuronal apoptosis, all increase the risk of
neurodegenerative diseases and cognitive dysfunction
(6).

The relation between Type Il diabetes and
neurodegenerative diseases and cognitive dysfunction
is not fully explained; however, the inflammatory
pathway and insulin resistance plays a central role in
the development of this disease (7, 8).

Although the mechanism of postoperative cognitive
dysfunction is not well known, one suggested
mechanism is that amyloid beta (AP) is a peptide
naturally present in the central nervous system (9), with
higher levels in the ageing brain can interact with
general anaesthetics and other perioperative factors
increasing the risk for brain changes and postoperative
cognitive dysfunction (10). Also, inflammation withan
increase incytokines such as IL-6, TNF-a, IL-8, and IL-
10 has a role inPOCD (11, 12). Free radicals may

contribute to the pathway of POCD (13). So,
antioxidant can ameliorate POCD (14). Sevoflurane
and isoflurane anaesthetics lead to altered expression of
post-synaptic density 95 (PSD-95) and extrasynaptic N-
Methyl-D-aspartate  (NMDA) receptor, change in
synapse structure and function and calcium
homeostasis (15). So an L-type calcium channel
antagonist can protect against POCD, neuro-
inflammation, and apoptosis (4).

The current study was designed to demonstrate if the
anaesthetics isoflurane and Sevoflurane can result in
postoperative cognition dysfunction in normal and
diabetic rats.

2. Materials and Methods

2.1. Animals

Sixty male Wister rats aged 12 weeks weighing (200-
250g), bred in the animal house of the pharmacology
department of AL-Azhar University. The animals were
allowed to acclimatize for 2 weeks before the
experiment. The animals were housed in 4 per cage
under  controlled temperature  (23+x1°C) in
polypropylene cages inside a well-ventilated room,
with 40% humidity and a 12-hour light/dark cycle.

Sixty male Wister rats were divided into 6
groups; group C (standard control), group CD (diabetic
control), group S (sevoflurane anaesthesia), group |
(isoflurane  anaesthesia), group SD  (diabetic
sevoflurane anaesthesia), group ID (diabetic isoflurane
anaesthesia). They were fed a standard commercial
pellet diet and water ad libitum. The diet comprises
71% carbohydrate, 18% protein, 7% fat, 4% salt
mixture and adequate minerals and vitamins; the
diabetic animals were fed a high-fat diet.

Animals anaesthetized with either 2.5% sevoflurane
or 1.5% isoflurane, respectively, for 2h. 1 week later,
animals were undergone cognitive tests in (Morris
water maze, T maze and open field arena), after that
animal was sacrificed, and hippocampus homogenates
were studied for caspase 3 activity by western blot
assay. Induction of type Il diabetes in CD, SD and ID
groups was carried out by feeding on a high-fat diet for
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8 weeks. During the fourth week, Type Il diabetes was
induced in the experimental group by a single IP
injection of 30 mg/kg ST in citrate buffer;
Streptozotocin  (STZ) was obtained from Sigma-
Aldrich (St. Louis, MO).

2.2. Drugs and Chemicals

- Streptozotocin (STZ) was supplied by Sigma
chemical company.

- Citrate buffer Ph 4.5 (citric acid+sodium citrate) in
distilled water 0.1 mole supplied by (Merck KGaA,
Darmstadt, Germany).

-TBST (tris-buffered saline (TBS) and Polysorbate
20) supplied by (Merck KGaA, Darmstadt, Germany.

-The bicinchoninic acid (BCA) reagents (Pierce,
Rockford 11, USA)

- Isoflurane was supplied by (ABBOT, an American
multinational medical devices and health care company
USA).

-Sevoflurane was supplied by (Baxter healthcare
corporation- USA).

2.3. Experimental Design

- This study was carried out on 60 male Wister rats
aged 12 weeks weighing (200-250g).

- They were divided into 6 groups; each group
included 10 rats.

- group C (standard control) served as the "Control
group” and received a single intraperitoneal injection
(IP) injection of citrate buffer in a volume equal to that
used as a solvent for STZ to induce diabetes in test
groups.

- group CD (diabetic control) included a person with
diabetes who was injected with a single IP injection of
a freshly prepared solution of streptozotocin in citrate
buffer at 30 mg/kg.

- group S (sevoflurane anaesthesia)normoglycemic
rats" anaesthetized by 2. 5% sevoflurane for 2h.

- a group | (isoflurane anaesthesia) normoglycemic
rats" anaesthetized by 1. 5 % isoflurane respectively for
2h.

- group SD (diabetic sevoflurane
anaesthesia)diabeticrats were injected with a single

intraperitoneal injection of a freshly prepared solution
of streptozotocin in citrate buffer in a dose of 30 mg/kg,
then anaesthetized by 2.5% sevoflurane for 2h.

- group ID (diabetic isoflurane anaesthesia)
diabeticrats were injected by single intraperitoneal
injection of a freshly prepared solution of
streptozotocin in citrate buffer in a dose of 30 mg/kg
(16) and then anaesthetized by 1. 5 % isoflurane
respectively for 2h.

The blood glucose concentration was measured 4
days after the STZ injection. The rats with blood
glucose higher than 250 mgdl were considered people
with diabetes and were included in the experiment.

One week later, animals underwent cognitive tests
(Morris water maze, T maze and open field arena)
(Figure 1). Afterwards, animals were sacrificed, and
hippocampus homogenates were studied for caspase 3
activity by western blot assay.

Figure 1. Open field arena

2.4. Morris Water Maze (MWM) Test

The MWM test measured the spatial learning and
memory function of rats. Theblack water pool was 120
cm in diameter and 60 cm in height, filled withwater (45
cm in depth) of 20-24°C non-toxic water. The pool was
in a quiet room with visual cues that rats could see for
orientation (Figure 2). A transparent glass platform, 10
cm in diameter and 2 cm below the surface of the water,
was placed in the center of one quadrant and remained in
the same quadrant during the entire experiment. A
computer with a management system was used to record
the performance of rats. The training was performed
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thrice daily for four consecutive days at 1 h intervals. In
this 4-day training test, rats were softly put into the water
at one of the four starting positions facing the pool wall
and then swam freely to find the platform. The time
spent by each rat to reach the submerged platform
(escape latency) was recorded. After the rat reached the
platform, it was allowed to stay on the platform for 15 s.
If the rat could not reach the platform in 90 s, the test
was ended, and its escape latency was recorded as 90 s;
it was then guided to stay on the platform for 30 s. On
the fifth day, the platform was removed, and the rat was
allowed to swim freely for 90 s. The time spent in the
target quadrant was measured. All the trials were
performed between 8:00 a. m. and 5:00 p. m. (17).

Figure 2. Morris Water Maze

2.5. T Maze

T Maze Spontaneous Alternation is a behavioural test
measuring exploratory animal behaviour, especially
rodent models for CNS disorders (Figure 3). This test is
based on the willingness of rodents to explore a new
environment, i. e. they prefer to visit a new arm of the
maze rather than a familiar arm. Many parts of the brain
including the hippocampus, septum, basal forebrain, and
prefrontal cortex- are involved in this task.

Figure 3. T Maze

2.6. Open Field Arena

The open-field test is widely used to test mice and
rats' exploratory behaviour and general activity (20).
The open field consists of a plastic board (1.20 mx1.20
m) surrounded by black plastic walls (50 cm in height).
The rats were placed in the arena and allowed to
explore it for 10 min. The movements were recorded by
a video tracking system and stored on a computer.
Considered as the ratio between distance travelled (m)
and the time the animals did not move(s) OFRDR, local
movements (OFlocal, <10 cm/s) and the average
velocity of movement (OFveloc; m/s). The usually used
variables of the ratio of the time spent in the central and
peripheral part of the arena to assess the motivation to
explore unsafe areas voluntarily were not considered
because there was minimal variability between animals.
Thus they do not provide information about
individuality and unnecessarily increase the number of
variables in the PCA. In order to provide information
about the readiness to enter unsafe areas, the number of
entries in open arms of the elevated plus maze test has
been considered (21).
2.7. Preparation of Tissue Sample

Overnight fasted rats were deeply anaesthetized. In
each group, the rats were decapitated, and the
hippocampus was softly isolated from the brain and
washed with 0. 9% cold saline three times. The tissues
were stored at -80°C until analyzed. The hippocampus
was used for Western blot.
2.8. Detection of Caspase-3 Activity

The activity of caspase-3 in cells and tissues can be
detected by several methods, such as immunostaining
or immunoblotting and colourimetric, and we
performed a western blot experiment. Western blot
experiment, or Western blotting, is a routine technique
for protein analysis; total protein was extracted
according to the instructions of the kit and protein
concentration was measured by the
BicinchoninicAcid(BCA) protein  quantification
method. (The BicinchoninicAcid(BCA)Pierce,
Rockford 11, USA). Protein samples were stored at
—70°C before use. Gel electrophoresis was performed
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with 10% separation and 5% concentration gel. The
positions of the two proteins were determined
according to the bands of the marker. After the
transmembrane, the membrane was washed with TBST
(Tris-Buffered Saline (TBS) and Polysorbate 20)
solution for 5 min. After blocking with 5% skim milk
at room temperature for 1 h, the membrane was
cultured with primary antibody (1:1,000) at room
temperature overnight. After that, the membrane was
washed 3 times with TBST(5 min each time), followed
by incubation with a secondary antibody(1: 1,000) at
room temperature for 1 h. The membrane was washed
3 times with TBST (5 min each time). Then, colour
development was performed using
ElectrochemicalluminescenceECL luminescent liquid
in the dark for 2 min. Finally, results were scanned
using Multi Gauge Ver. 3. 0 imaging system, ImageJ
professional image analysis software was used for
image analysis, and OD value was recorded (22).
2.9. Statistical Analysis

Statistical analyses were conducted using a one-way
ANOVA test to check the significance of observations
obtained from model simulations with various
combinations of physics schemes; hereafter termed
treatments. Results from ANOVA were reported with
90% confidence intervals and were deemed significant
at P<0.05. Tukey’s post-hoc test is further used to test
the significant difference between any two treatment
means.

3. Results

Control diabetic rats showed no change in long-
term/reference memory, non-spatial working memory,
exploratory activity or caspase 3 expression in the
hippocampus homogenate. The same previous results
were demonstrated after sevoflurane anaesthesia in
normoglycemic rats.

Anaesthesia with isoflurane in normoglycemic rats
resulted in a significant decline in long-term/reference
memory, and non-spatial working memory while
exploratory activity and caspase 3 expressions in

hippocampus homogenate showed no change as
compared to normal control rats. Anaesthesia with
either Isoflurane or Sevoflurane in diabetic rats
demonstrated a decline in long-term/reference
memory, non-spatial working memory, exploratory
activity and caspase 3 expression in hippocampus
homogenate as compared with normal control rats
(Figures 4-8).
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Figure 4. Effect of isoflurane and sevoflurane anaesthesia in
normal and type Il diabetic mice on mean escape latency (EL)
in seconds using Morris water maze

Values are expressed as Mean+SDM. Data were analyzed
using one-way ANOVA followed by Tukey’s post-hoc test.
*P<0. 05 as compared to the control

+P<0. 05 as compared to the I group
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Figure 5. Effect of isoflurane and sevoflurane anaesthesia in
normal and type Il diabetic mice on time spent in target
quadrant using Morris water maze

N=10 Values are expressed as MeantSDM. Data were
analyzed using one-way ANOVA followed by Tukey's post-
hoc test.

*P<0.05 as compared to the control

+P<0.05 as compared to the | group
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Figure 6. Effect of isoflurane and sevoflurane anaesthesia in
normal and type Il diabetic mice on non-spatial working
memory using T maze in mice
n=10 Values are expressed as MeantSDM. Data were
analyzed using one-way ANOVA followed by Tukey's post-

hoc

test.
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Figure 7. Effect of isoflurane and sevoflurane anaesthesia in
normal and type Il diabetic mice on non-spatial working
memory using T maze in mice
n=10 Values are expressed as Mean+SDM. Data were
analyzed using one-way ANOVA followed by Tukey's post-

hoc

test.

*P<0.05 as compared to the control
+P<0.05 as compared to the | group

Figure 8. Effect of isoflurane and sevoflurane anaesthesia in
average and type Il diabetic mice on activated caspase 3
density in mice hippocampus homogenate

n=10 Values are expressed as Mean+SDM. Data were
analyzed using one-way ANOVA followed by Tukey's post-
hoc test

*P<0.05 as compared to control

4. Discussion

Many patients experience memory, concentration and
attention difficulties after surgery and anaesthesia,
referred to as postoperative cognitive dysfunction
(POCD). These cognitive changes are usually short-
lived, with a standard function returning within a few
days (23).

The incidence of POCD after surgery is variable, as
high as 26% at one week, 10% at three months, 5% at
six months, and 1% at 12 months after non-cardiac
surgery but as high as 53%, 36%, 24%, and 42%at
discharge, six weeks, six months, and five years,
respectively, after cardiac surgery (24).

The difference in POCD incidence might be due to
different parameters used in determining POCD
because the definition of POCD still (25).

In the present study, we compare the effect of the
volatile anaestheticssevoflurane and isoflurane on post-
anaesthesia cognitive dysfunction in average and type
Il diabetic rats.

Our study found that control diabetic rats showed no
change in long-term/reference memory, non-spatial
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working memory, exploratory activity or caspase 3
expression in the hippocampus homogenate.

Also, sevoflurane anaesthesia in nondiabetic rats
showed no change in long-term/reference memory,
non-spatial working memory, exploratory activity or
caspase 3 expression in the hippocampus homogenate.

That is in contrast with a prospective randomized trial
in spinal surgery and clinical cognitive outcomes at 1
year by Tang, Ou (26), who found that Sevoflurane had
been associated with an enhanced cognitive
impairment.

Our results are also contradicted by the study of Cui,
Wang (27), who postulated that sevoflurane anaesthesia
alters cognitive function by activating inflammation
and cell death in nondiabetic rats.

In our study, anaesthesia with isoflurane in
nondiabetic rats resulted in a significant decline in
long-term/reference memory and non-spatial working
memory, while exploratory activity and caspase 3
expressions in hippocampus homogenate showed no
change as compared to normal control rats. This result
is supported by Callaway, Wood (28), who found that
isoflurane in the presence or absence of surgery
increases hippocampal cytokines associated with
memory deficits and responses to brain injury in rats.

In the present study, we found that anaesthesia with
either Isoflurane or Sevoflurane in diabetic rats
demonstrated a decline in long-term/reference memory,
non-spatial working memory, exploratory activity and
caspase 3 expression in hippocampus homogenate as
compared with normal control rats that are supported
by Sun, Li (29)who found that, the level of IL-1p as a
proinflammatory cytokine is remarkably increased in
the hippocampus of Type Il diabetes rats. However,
Zheng, Meng (30) found no effect of isoflurane or
sevoflurane anaesthesia alone on microglial activation
and/or proinflammatory cytokine expression.

Li, Liu (31) reported that Sevoflurane induces an
exaggerated and persistent cognitive decline in Type Il
diabetic rats.

Our results are consistent withDong, Zhang (32), who
reported that the concentrations of halothane and
isoflurane caused aggregation of amyloid peptides in
cell cultures, indicating that they brought cytotoxicity
to the brain; Sevoflurane also showed the same
cytotoxic effect, so both cause cognitive dysfunction.

However,Valentim, Alves (33)showed that Inhalation
anaesthetics had a protective effect on postoperative
cognitive function, as this study found that 2%
isoflurane was associated with better postoperative
performance than 1% isoflurane in postoperative
cognitive function testing. Also,Schoen, Husemann
(34) reported that the depth of anaesthesia played an
essential role in postoperative cognitive function.

The effect of depth of anaesthesia on cognitive
impairment has also been proposed as a potential risk
factor for POCD. A meta-analysis recently compared
cognitive outcomes in patients receiving low vshigh-
depth anaesthesia as measured by bispectral index(BIS)
monitoring. Included studies used either propofol or
isoflurane. The authors concluded that the depth of
anaesthesiadid not significantly impact the risk of
POCD (27).

Royse, Andrews (35) study found that patients
receiving propofol-based anaesthesiahad a lower
incidence of POCD than those receiving Sevoflurane or
desflurane.

Bianchi, Tran (36) postulated that volatile anaesthesia
alone has either a minor or no effect on rodent learning
and memory in the absence of other risk factors such as
age or genetic predisposition.
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